Manipulation of Blastomyces dermatitidis requires the use of containment level 3 (CL3) practices. However, access to CL3 laboratories is limited and working conditions are restrictive. We describe the validation of a "heat-killing" method to inactivate B. dermatitidis, thus allowing cellular material to be removed from the CL3 laboratory for subsequent DNA isolation that is suitable for genetic applications.
Introduction
Blastomyces dermatitidis is a dimorphic fungal pathogen responsible for causing the rare but often fatal systemic infection blastomycosis. As a risk group 3 pathogen in Canada, Australia, New Zealand, Singapore, Belgium, Germany, and the United Kingdom, the safe handling and manipulation of this fungus requires the use of containment level 3 (CL3) physical and operational practices [1] [2] [3] [4] . In the United States, biosafety level 2 (BSL-2) and advanced BSL-2 practices are recommended for work with clinical materials, infected animals, and yeast-phase cultures, while studies involving sporulating mould cultures and environmental materials likely containing conidia necessitate biosafety level 3 practices [5] . Albeit rare, instances of laboratoryacquired infections have been reported following accidental inoculation or presumed inhalation of conidia produced by mould-phase cultures [6] [7] [8] . CL3 requirements potentially hamper research on this important pathogen, since access to suitable laboratories is limited and the working environment within the CL3 laboratory can be restrictive. With clinical microbiological laboratories relying increasingly on molecular methodologies for the rapid diagnosis and genotyping of pathogenic fungi, an effective method for the inactivation of B. dermatitidis cellular material would greatly expand the opportunities of working with this organism. Confirming that the organism is noninfectious after inactivation steps would permit the removal of cellular material from the CL3 laboratory to a centralized molecular CL2 facility for the remainder of the DNA extraction procedure and genetic manipulation. Despite a few published reports of theoretical "heat-killing" steps [9] [10] 
Materials and methods
The following inactivation methods were evaluated using either heat or chemical pretreatment: 100
• C for 20 min;
60
• C for 1 h (as previously described [9] [10] ); 85
• C for 1 h; and N-acetyl-L-cysteine-2% sodium hydroxide (NALC-NaOH) solution using the BBL MycoPrep specimen digestion/decontamination kit (Becton Dickinson, Mississauga, Ontario, Canada; Fig. 1 ). NALC-NaOH is widely used to inhibit bacterial and fungal growth in respiratory samples prior to mycobacterial culture [11] [12] . All work was performed in a biological safety cabinet within a CL3 laboratory. Twenty-three isolates of B. dermatitidis and one negative control (resuspension buffer or distilled water) were assessed for each method. A positive growth control (yeast-phase cells that were not inactivated plus resuspension buffer or water) was plated onto potato dextrose agar (PDA; Becton Dickinson) and D medium slants [13] and incubated at 25
• C and 37
• C, respectively. Mouldphase B. dermatitidis isolates were grown on PDA at 25 • C for 3-7 d. Conversion to the yeast phase was achieved by subculturing mould-phase isolates onto D medium agar [13] and incubating at 37
• C for 2-3 weeks. For each heat To establish that the organism had been inactivated, 100 µl of either heat or chemically "inactivated" suspension was transferred to a PDA agar slant, incubated at 25
• C for mould-phase growth, and then to a D medium agar slant incubated at 37
• C for yeast-phase growth. At 3 weeks, inactivated material from primary agar slants was subcultured onto fresh media. Viability checks were performed on a weekly basis for a 12-week period, with inoculated primary and secondary media visually inspected for the presence or absence of growth. DNA was extracted from the remaining 200-µl suspension using the fungi/yeast genomic DNA isolation kit (Norgen Biotek) according to the manufacturer's protocol.
To confirm the integrity of inactivated DNA for downstream molecular methodologies, the internal transcribed spacer region of rDNA (its-2) and the histidine kinase gene (drk1) were amplified by polymerase chain reaction and bidirectionally sequenced as described previously [14] . DNA was quantified using the Quant-it PicoGreen dsDNA kit (Life Technologies Corp., Carlsbad, CA, USA).
Identical experiments were repeated on the mould phase of B. dermatitidis using the inactivation method found to be effective at killing the yeast phase (ie, 85
• C for 1 h).
Results
Of the 23 isolates assessed for viability, 4 isolates treated with NALC-NaOH, 2 isolates exposed to 100
• C for 20 min, and 2 isolates subjected to 60
• C for 1 h grew during the 12 weeks following treatment (Table 1) . Of these eight isolates, suspicion of breakthrough growth was observed on either the PDA or D medium agar slants by week 3, with growth becoming more apparent by weeks 4 and 5, indicating crippling of growth, though not killing. Of the four inactivation conditions evaluated, only organisms inactivated at 85
• C for 1 h were consistently rendered nonviable on culture and subculture over the 12-week study period. This result was replicated for mould-phase organisms inactivated at 85
• C for 1 h (Table 1) . Isolates inactivated using the other conditions demonstrated growth on either the primary agar slant and/or upon subculture to a secondary agar slant ( Table 1 ). The chemical protocol exhibited the highest levels of breakthrough growth, with 17.4% (n = 4) of isolates demonstrating growth on either the primary or secondary agar slant. Of particular note, treatment at 60 • C for 1h, which had previously been reported to "heat kill" B. dermatitidis [9] [10] , failed to inactivate all of the isolates. DNA was isolated from all strains, with the quantity obtained varying among different inactivation conditions. Heating B. dermatitidis cells at 60
• C and 85
• C for 1 h yielded a slightly greater concentration of DNA (0.021 ng/µl and 0.024 ng/µl, respectively) than chemical inactivation or heating at 100
• C for 20 min (0.010 ng/µl and 0.011 ng/µl, respectively). DNA quality and suitability for downstream molecular application were assessed by amplification and sequencing of the its-2 region of the multicopy rDNA gene and the single-copy drk1 gene. The its-2 region was successfully amplified and sequenced from all isolates pretreated with any of the four methods. The drk1 gene was amplified and sequenced from all isolates except for two isolates pretreated at 100
• C for 20 min and one isolate pretreated at 60
• C for 1 h (Table 1) .
Discussion
Our results suggest that a heat pretreatment of 85
• C for 1 h is an effective method for the inactivation of B. dermatitidis with DNA integrity suitable for molecular applications. Our preliminary assessment of a previously published method [9] [10] shows that inactivation at 60
• C for 1 h does not consistently kill B. dermatitidis. These findings emphasize the importance of having individual laboratories validate inactivation methods prior to implementing such protocols in their laboratory.
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